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ABSTRACT 
There are five chapters in this thesis. The first chapter gives a 
detailed and up-to-date informations of the analytical techniques which 
are commonly used for the separation, identification and determination 
of substances. In recent years, chelating resins have drawn attention due 
to their high stability and complex forming ability with different metal 
ions. Ion-exchange resins with large surface area and macroporous 
structure incorporated with some aromatic complexing agents (ACA) 
have been particularly useful for the separation of metal ions from 
industrial wastes and contaminated water. These chelated sorbents are 
specific towards metal ions as well as anions. Thin layer chromatography 
is a simple, rapid, versatile and low cost technique applicable to both 
micro and macro estimation of components of a sample except those 
which are volatile or highly reactive. Inorganic ion-exchangers either 
alone or mixed with suitable adsorbent like silica gel as thin layers have 
been utilized for the separation of metal ions and organic compounds of 
biological importance. Electrochromatography or paper electrophoresis 
also provides a simple and conventional analytical technique for the 
analysis of charged sample components present in electrolyte solution. 
The second chapter of the thesis describes the modification of 
commonly used anion exchange resin, Amberlite IRA-400 (CI ) with 
Congo red as the chelating agent. It has been noticed that the selectivity 
of the material is enhanced due to the presence of chelating group in the 
resin. The congo red sorbed resin shows a differential selectivih for the 
metal ions which may be due to the formation of metal complexes with 
different stability. The distribution coefficient values (K^) of important 
metal ions have been determined in a number of diverse solvent systems 
On the basis of difference in K^ values, a number of important and 
analytically difficult binary separations of metal ions have been achieved 
in synthetic mixtures. It has been observed that Hg(ll). Zr(lV) and Ci(lII) 
have been stomgly retained by the resin. Chromium (III) has been 
selectively separated from a syiithetic mixture of other metal ions on a 
colunm of this material. 
The third chapter of the thesis comprises electrophoretic behaviour 
of some commonly used pesticides of organophosphorous, organochlorine 
and pyrethoid groups on Whatmann No. 1 paper strips in various acid 
background electrolytes. The effect of pH and pKa of the acids on the 
movement of these pesticides has also been studied. It has been observed 
that the movement of most of the pesticides is enhanced with the increase 
in the degree of ionization of the acids (pKa) studied as background 
electrolytes. The movement also increases with the increase in pH of the 
acids. On the basis of difference in the movement of pesticides towards 
cathode and anode, a large number of important separations have been 
achieved from synthetic mixtures. The practical utility' of the method has 
been demonstrated in quantitative determinations of some most 
commonly used organophosphorous group of pesticides in extracts of 
soil samples. 
The fourth chapter deals with the thin layer chromatography of 
twenty three important phenolic compounds on stannic oxide layers in 
different aqueous, non-aqueous and mixed solvent systems. Phenols have 
been chosen for the separation study due to their biological, immuno-
physiological and pharmaceutical importance. Stannic oxide layers have 
been selected because this material has been found to be quite stable in 
acids, basis and common organic solvents and has earlier been utilized 
for the separation of metal ions. Its utility for the separation of organic 
compounds (e.g. phenols and pesticides) has been studied for the first 
time. The ion-exchange and adsorption takes place simultaneously is an 
added advantage to the technique. The study has shown that degree of 
retention of phenols varies with the nature of developing solvent. It has 
been found that in case of isomers of dihydroxybenzene. the R^  value in 
certain solvent systems varies with the orientation of hydroxy groups. A 
number of useful binary and ternary separations have been achieved on 
these layers. A remarkable feature of the study is that members of the 
same group of phenols have been conveniently separated from each other. 
Resorcinol has been selectively separated from a synthetic mixture of 
seven commonly used phenols. The method has been utilized for the 
quantitative separation of salicylic acid as a constituent in six 
multicomponent drug samples. 
In the fifth and final chapter thin layer chromatographic studies of 
fourteen important pesticides of pyrethroid, organochlorine and 
organophosphorous group in particular have been reported on thin la>'ers 
of mixed stannic oxide silica gel 'G'. Results of these studies revealed 
that this new combination offers promising potentialities for the 
separation of pesticides. Rp values of these pesticides have been 
determined in a number of aqueous and mixed solvent systems of var\ ing 
polarity. On the basis of differential movement of pesticides in diverse 
solvents, a number of important and difficult separations have been 
achieved using synthetic mixture. Dichlorvos has also been separated 
from a synthetic mixture of seven commonly used pesticides and 
determined. The utility of these separations has been demonstrated by 
performing quantitative determination of monocrotophos, rogor and 
malathion in soil samples. 
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CHAPTER - 1 
Introduction 
INTRODUCTION 
Analytical Chemistry is one of the modern and fastest growing 
branch of Chemistry which has its influence in all the areas of pure and 
applied sciences. The realm of analytical chemistry is widening day by 
day with the introduction of modem sophisticated technology which 
made it possible to elucidate the microstructure of molecular species and 
to identify the substance in the highest state of purity. There are various 
methods in analytical chemistry which are employed for separation and 
purification of substances. Ion-exchange is one of the most versatile 
technique of separation science and is widely used in inorganic, organic, 
biochemical and pharmaceutical separations. The technique can be 
applied to both micro as well as macro anlaysis of sample components. It 
has many advantages over classical methods of separation such as 
distillation, precipitation and filtration etc. that involve long and 
complicated separation operations. But using ion-exchangers, separations 
can be carried out with a smaller amount, within a shorter time and the 
components can be subsequently determined using rapid instrumental or 
titrimetric methods. In laboratories, ion-exchangers are being used as an 
important analytical tool to solve new problems that are placed by our 
industrialists and scientists. Rapid and accurate determination of the 
constituents of a sample or contaminants of alloys of complicated 
compositions, biological substances and fission products of radioactive 
elements has become possible by the use of ion-exchangers It has made 
possible the chromatographic separation of very complicated mixtures. 
Ion-exchange has established itself as one of the most powerful 
techniques in the field of water analysis, thus proving its worth in water 
pollution control. 
Ion-exchange is considered as a reversible process in which 
cations or anions are exchanged stoichiometrically between the ion-
exchanger and the solution phases when they are placed in close contact 
with each other. When an ion-exchanger with counter ion A is placed in 
a solution of another counter ion B, the ion-exchange reaction can be 
represented as : 
A + B ^ ^ B + A (1) 
where the barred quantities refer to the exchanger phase and unbarred to 
the solution phase. 
In the middle of 19th century (1850), the phenomenon of ion-
exchange was discovered by Thompson (1) and Way (2) by the name of 
base exchange in soil. UTien soils are treated with ammonium salts, 
ammonium ion is taken up by the soil and an equivalent amount of 
calcium is released. It was later established by Eichom (3) that Zeolites 
(aluminosilicates) were responsible for this exchange rn soils and the 
exchange process was reversible. Aluminosilicate was first synthesized 
by Harms and Rumpler(4) in 1903. Follin and Bell (5) made the first 
application of synthetic zeolite for the separation of ammonia from urine 
According to Lamberg and Wiegner (6,7), the material responsible for 
this phenomenon were mainly clays, zeolites, gluconites and humic acids. 
These discoveries led to the use of the natural materials for water 
softening. Gans (8) recognized the practical utilit>' of ion-exchange 
phenomenon for water softening using natural and synthetic zeolites and 
clays. Because of the possibility of regeneration, these zeolites and clays 
could be used over and again. Limitations of zeolites and clays were 
soon realized as zeolites are decomposed by the acids and clays are 
difficult to handle. To overcome these limitations, a search for stable 
ion-exchanger was started. In 1931, Kullgren (9) observed that sulfite 
cellulose works as an ion-exchanger for the determination of copper. In 
1935, Adams and Homes found that crushed phonograph records exhibit 
ion-exchange properties and this remarkable invention led to the 
scientists to synthesize organic ion-exchange resins (10). These resins 
are stable towards acids and elegant to handle. The structure can be 
varied as desired, therfore the difficulties observed with zeolites and 
clays were removed by the introduction of these resins. Since then these 
organic ion-exchangers have been used for both in the laborator>' and in 
industry for separation and recovery of metals, purification of water, 
concertration of electrolytes and elucidating the mechenism of many 
reactions. Several commercial resins, both cation(strong and weak acid) 
and anion (strong and weak base) exchangers are available for these 
purposes. 
Organic ion-exchangers also suffer from certain limitations. They 
were found to be unstable in aqueous systems at high temperature and in 
the presence of ionizing radiations. This led to the revived interest in 
inorganic ion-exchangers. Inorganic ion-exchangers are unaffected by 
ionizing radiations and considerably temperature resistant and this makes 
them suitable for use in reactor technology. Their rigid structure makes 
them more suitable and selective for the separation of metal ions on the 
basis of different pore sizes. They can also be used as ionic or molecular 
sieves. High temperature resistance and selectivit>' offer them an 
advantage for use as the ion-exchange membranes. Kraus et.al. (11) at 
Oak Ridge National Laboratory and C.B. Amphlet did the pioneering 
work on these materials at the initial stages. Clearfield (12), Alberti (13) 
and Walton (14) have also worked on different aspects of synthetic 
inorganic ion-exchangers. In India, Qureshi and co-workers have 
prepared a large number of such inorganic materials and studied their 
ion-exchange behaviour during last twenty years (15-20). These ion-
exchange materials are especially useful in the preparation of ion-
selective electrodes (21). 
Inorganic ion-exchange materials can work either as cation or 
anion exchangers. Some act as amphoteric exchangers and can exchange 
both cations as well as anions, while properties of some others are similar 
to those of organic redoxites. The pH of solution plays a marked effect 
on the character of amphoteric exchagners which consist primarily of 
hydrated oxides. Typical suitable sorbents of this category are SiO ,^ 
SnOj, AljO, and ZrOj. Their dissociation under various conditions, can 
be depicted schematically as : 
MOH ^ ^ M^^OH- (2) 
MOH ^ : ^ MO- + H* (3) 
where, M is the central atom. 
Equation (2) is favoured in acid solution where the substance can 
act as an anion exchanger while equation (3) is favoured in alkaline 
solution where the substance acts as a cation exchanger. According to 
both schemes, dissociation of hydrous oxides can take place near the 
isoelectric point of the substance and both types of exchange can occur 
simultaneously e.g. 
Hydrated Tin (IV) oxide 
Cation exchange Anion exchange 
pH 3 5 7 9 1 3 5 7 9 
Capacity 0.25 0.4 0.6 0.9 1.0 0.9 0.8 0.6 0.0 
(m. mol./g) 
Vesely et.al. (22) have broadly classified inorganic ion-exchange 
materials into following five groups : 
1. Hydrous oxides 
2. Acidic salts of multivalent metals 
3. Salts of heteropoly acids 
4. Insoluble ferrocyanides 
5. Alumino silicates 
The hydrous oxide type of ion-exchangers possess bivalent, 
trivalent, tetravalent, pentavalent and hexavalent atoms in their 
structures. Hydrous BeO acts as cation and anion exchanger. The mixture 
of Mg(0H)2 with Fe(0H)3 or A1(0H)3 has been successfully used for the 
sorption of traces of radionuclides. Ferric hydroxide, alumina, and 
aluminium hydroxide are the examples of trivalent metal hydroxides and 
are used in thin layer chromatography. Hydrous oxides of tetravalent 
metal includes SiOj, Sn02, Ti02, ThOj, Zr02 and Mn02. They act as 
cation exchanger in alkaline medium and anion exchanger in acidic 
medium. Tsuji (23) described the selectivity of hydrous MnO^ for alkali 
metals. Inue et.al. (24) have studied the isotopic exchange rate of sodium 
ions between hydrous stannic oxide in the Na"^  form and aqueous solution 
of sodium salt. 
There are a large number of compounds of acidic salts of 
polyvalent metals, which are used as ion-exchange materials. Among the 
metals studied are zirconium, thorium, titanium, cerium and tin etc. and 
anions incorporated are phosphate, arsenate, antimonate, vanadate, and 
silicate. These are gel like or micro-crystalline structures and act as 
cation exchangers. They also possess high degree of chemical, thermal 
and radiation stability. Zirconium phosphate is the most extensively 
studied ion-exchanger of this group which shows amorphous (25). 
semicrystalline (26) and crystalline (27) forms. Clearfield et.al. (28) have 
tried to solve the structure of a-zirconium phosphate. It has various 
analytical applications e.g. purification of reactor coolants (29). 
decontamination of DjO (30) and decontamination of radioactive waste 
water(31). 
The parent acids of these salts of polyvalent metals are 
12-heteropoly acids with general formula Hm X Yp04Q.nH20 
where m = 3,4 or 5 and X = phosphorus, arsenic, silicon. 
germanium and boron and Y is the number of different elements 
like molybdenum, tungston and vanadium. Three component ion-
exchangers (32) are more selective and stable than the two 
component ion-exchangers and the simple salts. 
When metal salt solutions are mixed with H^[Fe(CN)^] and 
Na4[Fe(CN)(,] solutions, insoluble ferrocyanides are resulted (33) with 
various compositions depending on the acidity, order of mixing and initial 
ratio of reacting components e.g. M4'^ [Fe(CN)^]nH20 where M = Ag and 
M2^2[Fe(CN)JnH20 where M = Zn, Cd, Cu, Co, Ni. Mn etc. These 
materials found to have various applications in analytical chemistr> due 
to their greater stability and selective ion-exchange properties. 
Alumino silicates are classified into amorphous two-dimensional 
and three-dimensional structures (or zeolites). The great attention has 
been paid to synthetic zeolites because of their molecular and ion-sieve 
properties. Synthetic aluminosilicates are structurally related to their 
naturally occuring analogues. Some examples of synthetic zeolites are : 
Heulandite, Anal cite, Mordenite, Linde A, Linde-T, ZK^ and ZK5. 
Various synthetic inorganic ion-exchange materials have been 
investigated so far. Some of the important two component ion-exchangers 
with their compositions, ion-exchange capacity and selectivity for metal 
ions have been reported in Table-1. 
The organic ion-exchange resins are the beads of highly 
polymerised cross-linked organic materials containing a large number of 
acidic or basic groups. The backbone is generally a styrene-divinyl 
benzene copolymer. Copolymers of acrylic acid derivatives and divinyl 
benzene are also frequently used. For use with biological, 
macromolecules, it is usual to introduce charged groups into cellulose 
fibres. For several years, cross-linked dextron (Sephadex) has also been 
used as carrier material. A list of commercially available ion-exchange 
resins alongwith their chromatographic applications is given in Table-2. 
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A cation exchange resin is a high molecular weight, crosslinked 
polymer hving sulfonic, carboxylic, phenolic etc. group as an integral 
part of the resin and an equivalent amount of cations. 
A typical cation exchange reaction may be represented as : 
nRSO,-H^ + M"* = (RS03)„M + nH" (4) 
where, R is the resin and M is the exchanging cation. 
An anion exchange resin, on the other hand is a polymer 
containing an amine or quaternary ammonium groups as an integral part 
of the polymer lattice and an equivalent amount of anions such as 
chloride, hydroxyl or sulphate ions. 
A typical anion-exchange reaction may be represented as : 
nRN+Me3Cl-+ X"- = (RNMe,)^ X + nCl" (5) 
Where, R is the resin and X is the exchanging anion. 
The first polymerization type of organic ion-exchange resin was 
prepared by D'Alelio (113) in 1945. Since then, these organic ion-
exchangers have been used both in laboratories and industries for the 
separation and preconcentration of metal ions, recovery of metals, 
removal of permanent hardness of water, demineralization of water, 
concentration of electrolytes and elucidating the mechanism of many 
reactions (114). Resins of strongly basic type having chlorine atom are 
17 
more resistant to oxidation than weakly basic resins of phenolic type 
(115). The organic resins are insoluble in all common solvents including 
aliphatic and aromatic hydrocarbons. 
The use of chelating resins for the removal and separation of 
traces of metal ions from industrial wastes is of great intrest due to the 
simplicity, elegance and a greater range of variation of the method. 
Chelating ion-exchange resins show a definite selectivity towards certain 
metal ions or a group of ions. The properties of some resms bearing 
chelate forming groups and ion-exchange groups hve been studied in 
detail. These resins are prepared by immobilization of chelating agents 
on various support (116). The aromatic complexing agents containing the 
sulfonic acid group are particularly useful for the separation of metal 
ions on an anion exchange resin. These compounds display high 
selectivity for anion exchangers. The selectivity of these modified resins 
depends on the nature of the functional analytical groups of the ligand. 
In recent years, various papers have been published related to the study 
of modified resins in different fields of separation science. A list of some 
important chelate ion-exchange resins with their selectivity and 
chromatographic applications has been shown in Table-3. 
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The distribution coefficient (Kd) is of great value as a practical 
guide to the separation procedures in chromatography On the basis of 
distribution coefficient, it is possible to predict the separation of one ion 
from the other. The distribution coefficient of an ion (A) is given by the 
equation : 
Amount of ion(A) present in exchanger phase/g of resin 
Kd = 
Amount of ion(A) present in solution phase/ml of solution 
(6) 
The general use of distribution coefficient is made in elution 
technique used in separation of metal ions. The rate at which ions move 
in ion-exchange chromatography is directly proportional to their 
distribution coefficients. 
Chromatography is a method of analysis in which the flow of 
solvent or gas promotes the separtaion of substances by differential 
migration from a narrow initial zone in a porous sorptive medium. 
Chromatography can be divided into two major classes (i) gas 
chromatography and (ii) solution chromatography. The latter may be 
further divided into paper chromatography, column chromatography, thin 
layer chromatography, ion-exchange chromatography and 
electrochromatography. 
The principle of chromatography and their wide applicability were 
discovered by Michael Tswett in 1906 who applied this technique for the 
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separation of chlorophyll pigments using finely divided calcium 
carbonate as the adsorbent (128). He also published a detailed monograph 
in 1910 (129). Very little chromatographic work was published between 
1910 and 1931. In 1931, Richard Kuhn and coworkers (130) resolved 
plant carotenes into several components. Rimington and co-workers (131) 
worked out detailed technique for the separation of porphyrins and bile 
pigments. M.L. Wolform and coworkers (132) separated mixtures of 
sugars on adsorption columns, locating the sugar zones by streaking the 
extruded columns with an alkaline permagnate reagent. Moore and Stem 
(133,134) have separated amino acids obtained by hydrolysis of protems 
first on starch columns and later on ion-exchange resin columns. The 
importance of rigid standardization of technique, solvents and adsorbents 
has been discussed by H.H. Strain (135) and by Brockmann and Schodder 
(136). Since the original discovery of adsorption chromatography, three 
major advances has been introduced viz. ion exchange chromatograph\. 
partition chromatography and gas chromatography. 
Ion-exchange chromatography was the first of various liquid 
chromatography methods to be used under modern LC conditions and its 
application came into existence in late 1960s (137). Partition 
chromatography is the second major innovation in the field of 
chromatography. Silica gel packed in columns was used as a support for 
a stationary phase by Martin and Synge (138). Paper chromatography, a 
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form of partition chromatography in which strips or sheets of filter paper 
are used as a support for the stationary phase was introduced by Consden. 
Gorden and Martin (139). They described two-dimensional systems 
which are particularly useful where one solvent system is inadequate for 
the resolution of all the components in a mixture. Reversed phase paper 
chromatography (applicable for substances sparingly soluble in water), 
in which the paper is impregnated with a hydrophobic substance and the 
aqueous phase becomes the moving phase was described by Kritche\ sky 
and Tiselius (140). Because of its inherent simplicity and versatilit>. the 
low equipment cost and its ability to handle microquantities. paper 
chromatography became popular very rapidly. Further advancements, 
both in theory and equipment lead to the development of gas 
chromatography in 1952 by James and Martin (141,142) for which they 
got a Nobel Prize. This technique is particularly used for mixture of 
gases or for volatile liquid and solids. 
Liquid chromatography (LC) refers to any chromatographic 
technique in which moving phase is a liquid. Modern liquid 
chromatography has been named high performance or high pressure 
liquid charomotography (HPLC). In HPLC, closed reusable columns are 
used so that hundreds of individuals separations can be carried out on a 
given column in a matter of few minutes. The technique finds its 
begining in late 1950s with the introduction of automated amino acid 
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analysis by Spackman, Stein and Moore (143) Detection anid 
quantitation were achieved with continuous detectors of various kinds 
which yield a final chromatogram without intervention by the operator. 
The newest of all liquid charomatographic methods is the size exclusion 
liquid chromatography or gel permeation chromatography This separates 
molecules according to their effective size in the mobile phase. The 
technique has been used for the separation of high molecular weight 
species particularly those which are non-ionic. The macromolecules such 
as proteins and nucleic acids are best separated by gel permeation 
method. The technique uses either rigid or non-rigid column packings. 
Rigid packings are required for high pressure liquid chromatograph> 
while some samples are better separated on non-rigid gels. 
Among various chromatographic techniques discussed above, thin 
layer chromotography (TLC) is considered to be most simple, rapid, 
versatile and low cost method which is applicable to the characterization 
and separation of a variety of multicomponent mixtures (both ionic and 
non ionic) except those which are volatile or reactive substances.The 
TLC technique has been applied since years, in the analysis of organic 
and inorganic substances and to the analysis of biological, 
pharmaceutical, and environmental samples (144-151). 
Recently, Singh and Shekhawat (152) in their review have 
summarized various thin layer chromatographic methods used for the 
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analysis of pesticide residues in environmental samples. Sharma and 
coworkers (153) have studied the reversed phase thin layer 
chromatographic separation of some toxic metal ions on tri-n-but\l 
phosphate modified silica gel 'G' layers in acetone-nitric acid - water 
systems. An improved version of TLC called high performance thin layer 
chromatography (HPTLC) has been introduced by Pretorius (154) in 1974 
who described this technique as high speed thin layer chromatograph\ It 
is based on electroosmotic flow and has been used frequently for the 
separation and determination of a large number of substances (155-160), 
Thin layer chromatography was reported first of all by Izmailov and 
Shraiber in 1938 who utilized thin layers of alumina on glass plates for 
the separation of plant extracts (161). The attempts were made using 
adsorption chromatography on impregnated filter paper and later glass 
fibre paper coated with silicic acid or alumina. Kirchnar (162) in 1950 
was one of the first to do this and was able to separate and identily 
terpenes. The technique received due attention only in 1958 as a result of 
pioneering work of E. Stahl (163) who was mainly responsible for 
developing a standard method for thin layer chromatography. 
Thin layer chromatography closely resembles to those of column 
and paper chromatography. In TLC, partition occurs on a layer of finally 
divided adsorbent supported on a glass plate. The technique has certain 
advantages over paper chromatography and gas chromatography e.g. 
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resulting separations are much better than in classical liquid 
chromatography and require less time. It can handle several samples 
simultaneously and has a higher loading capacity. Moreover, corrosive 
reagents and acids can be sprayed without any adverse effect. 
In TLC, a large number of coating materials such as silica gel. 
alumina, kieselguhr and cellulose have been widely used as the 
adsorbents. Other materials which can be used as adsorbents in TLC 
include magnesium silicate, calcium phosphate, activated charcoal, 
polyamide, silica gel-alumina (1:1), acetylated cellulose and hydrated 
ferric oxide. Alumina is preferred for the separation of weakly polar 
compounds while silica gel is preferred for polar compounds like sugars, 
amino acids etc. Cellulose powder is recommended as an adsorbent for 
the separation of cations by TLC even though the separations may be 
slower than those obtained on silica gel. 
Inorganic ion-exchange resins in particle size of 40-80 \im have 
also been used as the stationary phase in thin layer chromatography. For 
the preparation of the stationary phase, a slurry of ion-exchange material 
is prepared in water or alcohol, usually with a binder such as gypsum 
and plaster of paris. The slurry is dispersed on the glass plates with the 
help of an applicator in the form of a thin film of 0.1-0.3 mm uniform 
thickness. Sherma and Fried (164) in their review described the 
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analytical capabilities of synthetic inorganic ion-exchange materials as 
adsorbents in thin layer chromatography. Inorganic ion exchange 
materials which have found their use in thin layer chromatography have 
been classified into following four groups : 
(1) Thin layers of hydrated oxides 
(2) Thin layers of insoluble metal salts of polybasic acids 
(3) Thin layers of metal ferrocyanides 
(4) Thin layers of heteropoly acids 
Zirconium oxide was used for the first time by Zabin and Rollins 
(165) for the separation of Ni^^ Co^^ ?b^\ Fe^\ Ag\ Hg^^ Cd^ ^ and 
Cu"^ .^ Berger (166) used this material for the study of fenocyanide. 
ferricyanide, sulfocyanide, iodate, borate and chlorate in concentrated 
acidic medium. The resolution of Bi"^ -^  from ternary and quaternaiy 
synthetic mixtures was achieved by Sen and coworkers (167) in 
combinations of 0.IM HCl, O.IM HNO ,^ acetone and dioxane and 
separated upto 20fig of bismuth by this method. The same authors have 
also chromatographed some anions and separated Cr (III) from other 
metal ions on stannic oxide layers (168). Cremer and Seidal (169) also 
studied the movement of various anions on indium oxide plates. 
Zirconium phosphate was used as a medium for thin layer 
chromatography of cations by different workers like Zabin and Rollins 
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(170), Keonig and Demiel (171) and Alberti (172). Separation of noble 
metals on stannic phosphate layers in ammonia-hydrochloric acid and 
acetone-butanol-pyridine systems was reported by Yin et.al. (173) 
Qureshi and coworkers (174) prepared stannic tungstate thin layers for 
the study of 15 binary metal ion mixtures and reported the separation of 
gold from other cations. Chromatography of fifty seven metal ions on 
stannic arsenate layers was performed by Hussain and coworkers (175). 
Qureshi et.al. (176) have also reported the separation of 20 binary metal 
ions on non-refluxed stannic layers They also achieved the separation of 
uranium from 48 metal ions on stannic antimonate layers (177). Nabi 
et.al. (178) have reported quantitative thin layer chromatographic 
separation of uranium from other metal ions on stannic sulphosalicylate 
layer using mixed dimethyl formamide systems. De and coworkers (179) 
have isolated gold (III) from other cations on thorium (IV) phosphate 
layers. Ammonium molybdate impregnated silica gel has been utilized 
by Srivastava et.al. (180) for thin layer chromatography of 32 synthetic 
dyes. 
Fogg and Wood (181) prepared zinc ferrocyanide layers and 
chromatographed 16 samples of sulfonamides in various concentrations 
of acetic acid. The same material was used by Kawamura et.al. (182) for 
the analysis of various combinations of alkali metal ions in ammonium 
nitrate eluents and suggested some useful separations on the same 
materials. 
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Analytical applicability of the heteropoly acid salts (double salts) 
has been a recent trend. Alkali metals were chromatogiaphed by Lesigang 
and coworkers (183,184) on thin plates of ammonium phosphodeca 
molybdate, arsenododeca molybdate, germanododeca molybdate and 
oxinium and pyridinium germanododeca molybadates in ammonium 
nitrate system. Lepri and Desideri (185) have presented exhaustive 
explorations of ammonium molybdophosphate and tungstophosphate 
layers for thin layer chromatographic separations of aromatic amines 
Kaletca and Koneeny (186) have utilized silica gel supported ammonium 
phosphomolybdate layers for the separation of cesium. Srivastava eta! 
(187,188) have successfully separated metal ions and amino acids on thin 
layers of pyridinium tungstoarsenate. Varshney and coworkers (189.190) 
performed separations of alkaline earths, transition metals and amino 
acids on Tin(IV) arsenosilicate and Tin (IV) arsenophosphate layers in 
buffered EDTA solutions. 
From the above discussion, it has been concluded that thin layers 
of inorganic ion-exchange materials have been widely used for the 
separation of metal ions. The use of these materials for the separation of 
organic compounds has received little attention. The inorganic ion-
exchange materials which have been used for thin layer chromatographic 
separations of organic compounds are shown in Table-4. 
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Electrophoresis is another technique which refers to the movement 
of charged colloidal particles and macromolecular ions under the 
influence of an electric field. The behaviour of these substances is similar 
to that of a crystalloid whose migration in an electric field is usually 
referred to as ionophoresis. Depending upon the sign of their net charge, 
they migrate either to the cathode or the anode. Differences in migration 
velocities in an electric field provide a powerful means for the analysis 
and separation of substances which are difficult to fractionate by other 
methods. The technique of Electrophoresis was first introduced by a 
Russian physicist, Reuss (201) in 1809 and used by Michaelis (202) in 
1909 to describe the movement of colloidal particles in an electric field. 
Kendell (203) fiilly explored the analytical possibilities of the method 
and separated rare earth metals and alkaloids. Recent developments in 
electrophoresis date from the adaptation of the moving boundary' method 
for the study of proteins by Tiselius (204). The significance of 
electrophoresis for biology was recognized early and its most important 
application at the present time is the analysis and fractionation of 
biocolloids such as proteins, nucleic acids and polysaccharides. The 
characterization of biologically important macromolecules with respect 
to size, shape and charge is important for a molecular understanding of 
their reactions and physiological activities. In addition to its importance 
in pure science, such an understanding is of value for medicine e.g. the 
technique was used to demonstrate that haemoglobin in individuals with 
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sickle-cell anemia is an abnormal molecule whose synthesis is induced 
by single abnormal sickling gene (205). 
The velocity of a particle when the electric field acting upon it is 
1 volt/cm is called the electrophoretic mobility. The dimensions of 
mobility are square cm./volt-second and its sign is the same as that of the 
net electrical charge on the particle. 
The electrophoretic mobility 'u' for a particle of arbitrary shape is 
given by : 
u = v/E = Q/f=QD/kT (7) 
where, f is the frictional coefficient of particle, Q is the charge on the 
particle, E is intensity of the field, v is the velocity of particle, D is the 
diffusion coefficient, k is the Boltzmann constant and T is the absolute 
temperature. 
The mobility of a sphere is given by : 
u = Dvj/Q/67tr| (8) 
where, D is the dielectric constant, \\if^ is the potential at the surface of 
the sphere and rj is the coefficient of viscosity of the medium. 
Huckel considered the electromigration of a sphere in an 
electrically conductive medium. Assuming that applied potential is 
undisturbed by the presence of the migrating particle and that the 
relaxation effect of the ionic atmosphere is negligible, he derived 
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following expression : 
u = DC,/6nr\ (9) 
where C, is the zeta potential. The above equation is applicable to ver> 
small particles whereas for very large particles, it becomes : 
u = dC/47tTi (10) 
There are three different types of electrophoretic systems : 
(1) Moving boundary electrophoresis 
(2) Zone electrophoresis 
(3) Steady state electrophoresis 
In moving boundary electrophoresis, an electric field is applied to 
an initially sharp boundary between a solution of the macromolecule and 
the buffer and formation of moving boundaries is observed. This method 
was described by Lodge (206) in 1886 and its first application to the 
study of proteins was made by Picten and Linder (207) in 1892. In 
contrast to moving boundary method, zone electrophoresis often allows 
complete separation of components of a mixture, forming discrete zones. 
There are a number of ways of stabilizing separated zones including use 
of supporting media, density gradients and free zone techniques. In 
steady state electrophoresis, after proceeding a certain length of time, a 
steady state is attained in which widths and positions of the separated 
components do not change with time. 
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The various kinds of supporting media which have been frequently 
used in zone electrophoresis include filter paper, starch, agar, glass wool. 
resins, silica gel, and asbestos. Starch gel electrophoresis was reviewed 
by Gordon and Smith (208). Some workers used polyacrylamide gels as a 
supporting medium (209). When paper is used as a supporting medium. 
the technique is termed as paper electrophoresis or electro-
chromatography which may be defined as a separation technique 
involving the migration of charged molecules on a sheet of filter paper 
containing an electrolyte under the influence of applied electric field. 
The electrolyte may be a buffer solution and the paper can be placed 
horizontally, vertically or in combination of the two positions. It is 
necessary that the molecule should have a charged centre or be of the 
type that can form a complex with a charged centre in order to obtain 
migration. The size and variation of strength of charge on the molecule 
combine to cause a differential migration that gives separation. Voltage 
also plays a very important role in electrophoresis. It has been found that 
substances of low molecular weight separate better with high potential 
gradients and substances of high molecular wight with low potential 
gradients. 
There are a large number of applications for the separation of 
substances by paper electrophoresis. Qureshi et.al. (210) performed the 
separation of metal ions on paper strips impregnated with ion-exchangers 
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by electrophoresis. Both starch and paper electrophoresis have been used 
for the separation and purification of antibodies (211) and fractionation 
of vglobulin (212). The most important application of paper 
electrophoresis is in the separation of high molecular weight species 
such as proteins and nucleic acids (213,214). Amino acids were separated 
by high voltage paper electrophoresis (215). Wallach and Garvin (216) 
applied this technique for the separation and characterization of lipids in 
organic solvents containing 3-5% water by volume Interesting 
possibilities for electrophoretic analysis arise when inherently neutral 
molecules form charged complexes with ionic reagents, an example is 
electrophoretic separation of borate complexes of carbohydrates having 
hydroxyl groups in cis positions (217). Hashinto et.al. (218) reported the 
identification and separation of flavanoid compounds by paper 
electrophoresis. Sulochana et.al. (219) have performed the 
electrophoretic separation of some quercetin glycosides. Chakraborty 
(220), Blasius and Bilal (221) and Mazzel (222) have done work on ion 
pair formation in electrophoresis for the separation of metal complexes. 
Recently, Nabi et.al. (223) studied the paper electrophoretic separation 
of phenolic compounds in acetate and citrate buffer electrolytes and 
quantitatively determined some important phenolics in human blood 
serum. Nabi and coworkers have also performed separations of a-amino 
acids by paper electrophoresis and quantitatively analyzed some 
important amino acids in pharmaceutical samples (224). 
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One of the most exciting developments in separation science in 
recent years has been the introduction of capillai-y electrophoresis (CE) 
and related techniques. Capillary electrophoresis was reported first of all 
by Jorgenson and Luckacs (225). In this technique, capillary column of 
very narrow diameter (10-lOOnm) is filled with buffer solution and a 
voltage in then applied across the column. A large number of papers have 
been published in recent years related to the use of capillar) 
electrophoresis (226-235). Kohen et.al. (236) have reviewed the capillar> 
gel electrophoresis of DNA and proteins. Seventeen basic drugs of 
different classes have been analyzed by Chee and coworkers in plasma 
and urine samples using this technique (237). More recently, the 
technique of capillary electrochromatography (CEC) has been developed 
in which electrochroosmosis is the motive force that causes the sohent 
(and consequently the solute) to flow through the capillary column (238). 
It is a hybrid of HPLC and capillary electrophoresis (CE) and can be 
performed in open tubes as well as in capillaries packed with convential 
packing materials. Both charged and uncharged species can be separated 
according to their differential migration through the column. CEC has 
been used recently by several groups for the analysis of a variet> of 
compounds including polycyclic aromatic hydrocarbons, pharmaceutical 
compounds, amino acids, peptides and oligosaccharides and 
corticosteroids (239-244). 
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In pressurized capillary electrochromatography (p-CEC) technique 
(245) both pressure and electric field are applied across a capillary 
column simultaneously. The flow profile in the column is a combination 
of parabolic flow induced by the pressure and flat flow caused by 
electroosmotic flow resulting in a colunrn efficiency intermediate 
between that of HPLC and CEC. In p-CEC, pressure is not only used to 
minimize bubble formation but it also provides a mean of tuning 
selectivity for the separation of charged analytes by varying the electric 
field. Hung and coworkers (246) used this technique for the separation of 
protein digests. 
The importance of pesticides in controlling pests for high 
agricultural production has been greatly realised in recent years. They 
also helped us by checking the spread of certain epidemics. However, 
their uncontrolled, long term and extensive use has brought forward many 
harmful effects on man and environment. Pesticides residually impair the 
quality of air, water and soil depending on their persistance. Besides, 
they sometimes undergo various metabolic and other degradations 
thereby producing some more toxic substances than the parent 
compounds. Although various modem and sophisticated techniques 
including gas-liquid chromatography and high performance liquid 
chromatography have been frequently used in recent years for analysis of 
pesticides residues, TLC has retained its status as a valid and simple 
analytical tool for the qualitative and quantitative analysis of pesticide 
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residues and their metabolites. It has also replaced paper chromatography 
in pesticide residue analysis because of its higher resolution and shorter 
development time. Paper electrophoresis or electrochromatography is 
also a low cost, versatile, simple analytical technique used for the 
analysis of charged sample components present in an electrolyte solution. 
A greater range in polarity of pesticides in acid medium prompted us to 
observe their electrophoretic movement in different acid background 
electrolytes. Phenolic compounds have been chosen for the separation 
study because these compounds are associated with a variety of metabolic 
activities and are well known for their physiological and pharmaceutical 
significance. Some of them are vitally important while others are harmful 
if present beyond permissible levels. Almost all food contain appreciable 
amounts of a variety of phenolic compounds. Stannic oxide ion-exchange 
material has been tried for thin layer chromatographic study of phenols 
and pesticides because this material has been found to be quite stable in 
acids, bases and various organic solvents. Moreover, it exhibits 
amphoteric ion-exchange behaviour depending upon the pH of the 
medium and possesses excellent separation potentialities for the metal 
ions. Its utility for the seperation of organic compounds (Pesticides and 
Phenols) has been studied for the first time. 
The present study deals with the separations of some heavy metal 
ions like Hg(II), Zr (IV) and Cr(III) from other metal ions on a congo red 
sorbed macroreticular anion exchange resin. Chromium (III) has been 
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separated selectively and determined quantitatively from a mixture of a 
number of metal ions using column of this material. Paper electrophoretic 
separations of some common pesticides (organophosphorus in particular) 
has been performed in different acid background electrolytes and the 
effect of pH and pka of the acids on the movement of these pesticides 
has been studied. Some of the pesticides have been quantitatively 
determined in soil samples after sepration by this technique. Thin layers 
of stannic oxide mixed with silica gel 'G' (1:1 ratio) has also been utilized 
for the separation and determination of these pesticides. Stannic oxide 
ion-exchange material has been utilized as a new adsorbent for thin layer 
chromatographic separations of pharmaceutically important phenolic 
compounds. Salicylic acid has been separated and quantitatively 
determined from a number of multicomponent drug samples on thin 
layers of this ion-exchange material. 
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CHAPTER - 2 
Chromatographic Separations 
of Metal Ions on a Congo Red Sorted 
Macroreticular Anion Exchange Resin 
INTRODUCTION 
The attention paid to the removal of trace metals from industrial 
effluents and the degree of sophistication of separation methods have 
both increased enormously in recent years. An activated carbon column 
has been utilized for the recovery and preconcentration of Cr(III) from 
natural water and subsequently determined by colorimetry (1). Cr(Ill) 
determination has also been made in sea water. The method is based on 
selective micro-solvent extraction (2). Isolation and determination of 
chromium from electroplating wastes and tannery effluents have also 
been reproted (3,4). The use of chelating resins (5-7) for the removal and 
separation of traces of metal ions is of wide interest owing to the 
simplicity, elegance and range of variations of the method. 
The properties of some resins bearing chelate forming groups and 
ion-exchange groups have been widely studied which were the result of 
the modification of common anion exchange resin with some aromatic 
complexing agents (ACA). Aromatic complexing agents containing the 
sulfonic acid group are particularly useful for the separation of metal 
ions on to an anion exchange resins (8-12). These compounds display 
high affinity for anion exchangers. The selectivity of these modified 
resins depends on the nature of the functional analytical groups of the 
ligand. 
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Nabi et al.(13) have synthesized a new chelate forming resin 
bearing a sulphonic acid group as ion-exchange group and an azo group 
as the chelate forming site from Amberlite IRA-400 (CI ) as a result of 
the modification with Eriochrome Black-T and found it effective for the 
separation of mercury from other heavy metal ions. Similarly, a 
polystyrene based macroreticular resin containmg the phenylalanine 
group was prepared by Sugi et al (14) from the Amberlite lRA-400 (CI ) 
resin which shows high selectivity for Hg(II) and Cu(II) in the pH region 
2-3. Likewise, chelating resins containing thiol (15) and mercapto (16) 
as the ion-exchange functional groups have been studied in detail because 
of their high selectivity towards heavy metal ions. Besides the separation 
of metal ions, chelating resins have also shown other analytical 
applications such as adsorption of bile salts (17) and decolorisation of 
lactic acid (18) on the resin. 
The success of these resins has prompted us to start a search for a 
new chelate forming resin based on the same idea and to check its 
selectivity towards metal ions. 
EXPERIMENTAL 
Apparatus : 
Systronics-105 spectrophotometer. Digital pH meter model - IIIE 
and Electronic sliaker with a stainless body were used. 
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Reagents : 
Amberlite IRA-400 (CI) resin (mesh size 20-50 from BDH), 
ammonium chloride, citric acid, sodium citrate, formic acid, dimethyl 
sulfoxide and tartaric acid (all AR grade), disodium salt of EDTA (S.D. 
Fine Chem.), sodium diphenyl bis-a naphthyl amine sulfonate (congo 
red) and other reagents used were also of AR grade. 
Reagent Solutions : 
1000 ppm solution of congo red was prepared in double distilled 
water and ued as stock solution. 1% ethanolic solutions of Eriochrome 
Black-T, PAN-S and 1% aqueous solution of Xylenol orange were 
used as indicators. 0.0 IM solution of disodium salt of EDTA was used as 
titrant and O.IM aqueous solutions of various metal salts of AR grade 
was used. 
Solvent Systems : 
0.05M hydrochloric acid and O.IM ammonium chloride (1:1 v/v) 
(S,), O.IM ammonium chloride (S2), O.IM citric acid (S,), O.IM citric 
acid and O.IM sodium citrate (SJ, O.IM sodium citrate (S,), O.IM formic 
acid (S^), O.IM dimethyl sulfoxide (S.,), O.IM formic acid and O.IM 
dimethyl sulfoxide (1:1 v/v) (Sg), O.IM formic acid and O.IM dimethyl 
sulfoxide (1:2 v/v) (S )^ and O.IM tartaric acid (S,^ ) were used as solvents 
for determining the K^  values of metal ions. 
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Eluting Reagents : 
O.IM ammonium nitrate and 0.05M nitric acid (1:1 v/v), O.IM 
nitric acid, O.IM citric acid, O.IM dimethyl sulfoxide and O.IM citirc 
acid, O.IM dimethylsulfoxide and O.IM formic acid (2:1 v/v). O.IM 
formic acid, O.IM ammonium chloride and 0.05M hydrochloric acid (1:1 
v/v) were used as eluting reagents for the separation of metal ions. 
Preparation of Modified Resin : 
The modified congo red sorbed resin was prepared by treating 
Amberlite IRA-400 resin (CI) with 1000 ppm solution of congo red for 
24 hours at pH 6.0. The resin was washed several times with 
demineralized water to remove excess reagent from the supernatant 
liquid. The sorbed resin was finally dried in an oven at 60±2*'C to remove 
moisture. 
Determination of Adsorption Isotherm of Congo Red on Amberlite 
IRA-400 (CI) at pH-6 : 
To study the sorption of congo red under static conditions. 0.4 g of 
resin (CI) was equilibrated with 40 ml solution of congo red at different 
concentrations (100-1000 ppm) in a shaker incubator at constant pH-6 
for 4 hours at 25±2"C. The equilibrium concentration of the reagent was 
then determined spectrophotometrically at 500 nm. The adsorption 
isotherm is shown in Fig. 1.0. 
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Effect of pH on the Sorption of Congo Red on Amberlite IRA-
400 (CI ) : 
To determine the effect of pH on the sorption of congo red. 
0.4 g of resin was shaken continuously with 40 ml of 1000 ppm congo 
red solution for 4 hours. The pH values of the solutions were adjusted 
by adding an appropriate acid, base or buffer of the desired pH. 
The equilibrium concentration of the reagent in the supernatant liquid 
was determined spectrophotometrically at 500 nm (forpH6-U) and 
560 nm (for pH 1-5) respectively. The results obtained are shown in 
Fig. 1.1. 
Determination of Distribution Coefficients (K^) of Metal Ions : 
0.4 g of modified resin beads were loaded with 1 ml of 0. IM metal 
ion solution and 39 ml of the appropriate solvent in a 250 ml Erlenmeyer 
flask. The mixture was shaken continuously in a shaker at 25±2"C for 4 
hours. The amount of cation in the solution before and after equilibration 
was determined by EDTA titration (19). 
1.0 ml of each metal ion was transferred into a 100 ml conical 
flask and diluted to 10 ml with demineralized water and then titrated 
against 0.0IM disodium salt of EDTA solution. In the case of Mg*l 
Ca^^ Ba-, ST^\ Pb^ ^ Hg ^ Cd*% Zn^ % Mn^ ^ ^nd Cr'^  the titrations were 
performed in the presence of Eriochrome black-T and ammonia-
ammonium chloride buffer at pH-10. At the equivalence point, the colour 
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of the solution changes from wine red to blue. Cu^', Al^\ Fe*\ Co*\ 
Ni ^ VO.% UOj ' and Sn" were titrated in the presence of PAN indicator 
and an acetic acid-sodium acetate buffer solution at pH 3.75 and 60"'C. 
The equivlence point was indicated by a colour change of the solution 
from red to yellow. Zr"'' was titrated in the presence of IM nitric acid 
using xylenol orange as indicator at 80°C. A change in colour of the 
solution from red to lemon yellow indicates the end point. 
Kd values for each metal ion were then calculated by the formula ; 
Amount of metal ion in the resin phase/g of resin 
K^  
Amount of metal ion in the solution phase/ml of solution 
I-F/0.4g I-F 
K, = = X 100 
F/40 ml F 
where; I = Volume of EDTA used before treatment with the resin (ml). F 
= Volume of EDTA used after treatment with the resin (ml). I-F = 
Amount of metal ion in the resin phase (ml) 
The Kj values determined by the above formula for each metal ion 
in various solvent systems are shown in Table-1. 
Quantitative Separation of Metal Ions : 
The separation of metal ions was carried out by an elution 
technique 1.5 g of modified resin was packed into a glass column of 0.6 
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cm with a glass wool support at the end and washed 2-3 times with 
demineralized water. 2.0 ml of binary mixture of the metal ions to be 
separated, was poured on the top of the colunm and the solution was 
allowed to flow gently at the rate of 8-10 drops/min. till it reaches just 
above the surface of the resin. The column was then rinsed with 
demineralized water. The elution of metal ions was done with appropriate 
eluting reagent keeping a constant flow rate of 18-20 drops/min. 
throughout the elution process. The eluted metal ion fractions were 
determined titrimetrically using a 0.0IM disodium salt of EDTA solution 
as titrant. The elution behaviour of ten different sets of binary 
separations are shown in Fig. 1.2(a)-(j) and the results are summarized in 
Table-2. In each pair of metal ions with Hg^^ a 0.05M nitric acid-O.lM 
ammonium nitrate mixture was used to elute Cd"^ ,^ Pb^ ,^ Zn^-, Cr '^ and 
Ar^ while Hg^ ^ was eluted with a O.IM nitric acid solution. The binary 
mixtures of Cd^ ^ . 2r+\ UO/^ - Zr*" were also separated using O.IM 
citric acid and O.IM DMSO - O.IM formic acid (2:1 v/v) for elution of 
Cd^^ UO^^ ^ anji Qf 2r^ 4 respectively. The elution of Mn-, Ni*- and Al*^  
was carried out with O.IM formic acid and that of Cr*^  with a mixture 
of O.IM ammonium chloride-O.OSM hydrochloric acid solution (1:2 v/v). 
The synthetic mixture containing metal ions namely Mg - (0.241 
mg), Ca*2 (0.40 mg), Sr"^  (o.875 mg), Zn^ ^ (o.65 mg), Mn^ ^ (0.546 mg), 
Ar^ (0.269 mg), Fe"' (0.558 mg), Co*^  (Q 5^9 ^^ g)^  Ni*\o.585 mg) and 
Zr^ * (0.911 mg) with varied amount of Cr"^ ^ (5.19 mg, 6.48 mg and 7.78 
64 
mg) were prepared for the selective separation of Cr(Ill). In each case, 
Cr(III) has been selectively eluted from the column using O.IM 
ammonium chloride and 0.05M hydrochloric acid (1.2 v/v) as eluent. The 
recovery percentage has also been calculated and the results are shown in 
Table-3. 
RESULTS AND DISCUSSION 
The adsorption isotherm of congo red on the resin shows a straight 
line. The maximum uptake of congo red was found to be 3.45 x 10' ^ 
mole/g of resin at pH-6 (Fig. 1.0). Fig. 1.1 shows the retention behaviour 
of congo red as a function of pH. The optimum pH for the maximum 
sorption of congo red has been found to be 6.0. 
It is apparent from the distribution coefficient values that the 
Congo red sorbed anion exchange resin shows a differential selectivity 
for metal ions. This may be due to the formation of metal complexes 
with different stability. The ease of complexation will ofcourse depend 
upon the reaction medium. Congo red sorbed resin possesses both the 
sulfonic acid groups to act as ion-exchange functional groups and azo 
groups to act as chelate forming groups which are responsible for the 
sorption of metal ions. The very large size of the congo red molecule 
increases its strength of interaction with the sorption matrix and enhances 
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the affinity of anion exchanger for congo red and its complexes with 
metal ions. 
Amberlite IRA-400 (CI) sorbed congo red resin has been found 
promising for the separation of metal ions. Sorption studies on different 
metal ions in diverse solvent systems revealed many interesting features 
(Table-1). In ammonium chloride and hydrochloride acid (S,) all the 
metal ions are poorly absorbed as indicated by low values of K .^ On the 
other hand , Hg (II) behaves in an exceptional manner as indicated by 
very high K^  values in all the solvent systems studied viz, ammonium 
chloride, citric acid, citric acid-sodium citrate, formic acid, DMSO and 
formic acid-DMSO mixtures and tartaric acid. Thus, it is possible to 
separate Hg (II) selectively from other metal ions. It is apparent from 
Table-1 that Zr (IV) shows very high K^ values in citric acid, citric acid-
sodium citrate, sodium citrate and tartaric acid while very low values in 
formic acid, DMSO and formic acid-DMSO systems. The exceptional 
behaviour of Zr(IV) in various solvent systems revealed the capability 
of this material for the separation of Zr (IV) from a number of metal 
ions. In fact, Zr(IV) has been successfully separated from Cd(II) and U 
(VI). Cr(III) also shows a peculiar behaviour in citric acid, sodium 
citrate and mixed citric acid-sodium citrate systems. In citric acid and 
sodium citrate alone, K^  values are very low while they are very high in 
citric acid-sodium citrate, formic acid, tartaric acid and DMSO-formic 
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acid systems. It seems that the formation of the chromium complex with 
the reagent is favoured in these solvent systems. It is also observed that 
addition of DMSO lowers the complex forming tendency of the reagent 
with the metal. In the case of Sn (IV), complex formation is favoured in 
pure DMSO and mixed formic acid-DMSO systems. 
On the basis of a differential behaviour of the congo red sorbed 
anion exchange resin towards different metal ions, some of important 
and difficult separations of metal ion pairs have been achieved by 
utilizing a column of this material. Thus mercury (II) can be separated 
from Pb(II), Cd(II), Cr(III), Al(III) and Fe(III). Zr(IV) has been separated 
from Cd(II) and U(VI) and Cr(III) from Mn(II), Ni(II) and Al(III). To 
demonstrate the analytical utility of this material Cr(III) has been 
selectively separated and determined in a synthetic mixture containing a 
number of different metal ions viz.; Cr(III), Mg(II), Ca(II), Sr(II), Zn(II), 
Mn(II), Al(III), Fe(III), Co(II), Ni(II) and Zr(IV). 
The method can be utilized for the recovery and preconcentration 
of chromium from waste water and effluents. Chromium may also be 
determined in Nichrome, Steel and Stainless steel alloys. The separation 
of zirconium can be utilized for the isolation and determination of the 
metal from its alloys namely Zircon, Nohlite, Uranite and from Igneous 
rocks. Mercury contents can be potentially isolated and determined from 
samples of rocks, industrial effluents and sea water. 
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CHAPTER - 3 
Paper Electrophoretic Separations of Some 
Common Pesticides : Determination of 
Monocrotophos, Rogor and Mai at hi on in Soil 
Samples 
INTRODUCTION 
Pesticides have proved highly useful to mankind by controlling the 
pests that reduce yields and impair the qualities of the crops. However, 
their uncontrolled, long term and extensive use has brought forward many 
harmful effects. After the application of pesticides, their residues persist 
in soil, water and other parts of the environment. Besides, they undergo 
various metabolic changes producing products as oxones (1) of 
organophosphorus pesticides which are more toxic in nature than their 
parent compounds. 
The quantitative separation and determination of different classes 
of pesticides utilizing diverse techniques such as thin layer 
chromatography (2), high performance liquid chromatography (3). gas 
liquid chromatography (4), and gel permeation chromatography (5) had 
received much attention during the last few years. However, these 
sophisticated techniques have their own limitations being expensive and 
not easily available to common analytical laboratories. Among various 
electrophoretic techniques, paper electrophoresis has been chosen 
because of its simplicity in equipment and at the same time less 
expensive. Moreover, the resolution of components of complex mixtures 
depends not only on the partition coefficient but also on the charge of the 
species. The paper electrophoersis technique has also been applied 
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successfully for the separation of amino acids (6), peptides (7). 
antibiotics (8), carbohydrates (9), lipids (10), flavanoids (11). quercelin 
glycosides (12), metal ions (13) and metal ion complexes (14). A search 
of the literature reveals that no attempt has been made for the separation 
of pesticides by paper electrophoresis. 
The present communication deals with the electrophoretic 
behaviour of some most commonly used pesticdes in diverse electrolyte 
systems. The phosphate group of the organophosphorus pesticides is 
polar and constitutes the lyophilic part of the molecule. A greater range 
in polarity of these compounds, particularly in acid medium prompted us 
to select a number of acid electrolyte systems to observe the 
electrophoretic behaviour of pesticides belonging to organophosphorus 
group in particular. On the basis of differential mobility, the quantitative 
separation and determination of individual pesticides from synthetic 
mixtures and soil samples has been achieved. The technique however 
can be extended for the analysis of pesticide contaminants in biological 
samples like milk, blood, urine etc. 
EXPERIMENTAL 
Apparatus : 
SW-7 Electrophoresis chamber (Shandon Scientific Co. Ltd.. 
London) was used. The unit was powered by power supply MO-65 IS 
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1248.68. Electrophoresis was carried out using enclosed strip method 
and microsyringes served the spotting purpose. Systronics-l()5 
spectrophotometer and a digital pH meter model Ill-E were used for 
colorimetric studies and pH measurements respectively. 
Reagents and Chemicals : 
The pesticides used were of technical grade. All otehr reagents 
and chemicals used were of A.R. grade. 
Test Solutions : 
10.000 ppm solutions of various pesticides were used. The 
solutions of endosulfan, dichlorvos, phosphamidon. monocrotophos, 
quinalphos, rogor, malathion, parathion and phorate were prepared in 
ethanol while solutions of fenvalerate, chlorpyrifos, methyl oxydemeton 
and anilofos were prepared in acetone. The solution of methyl parathion 
was prepared in dichloromethane. 
Background Electrolytes : 
0.05 M solutions of perchloric acid (S,). orthophosphoric acid 
(Sj), chloroacetic acid (S,), tartaric acid (S4), salicylic acid (SJ, citric 
acid (S^), formic acid (S^), lactic acid (Sg), benzoic acid (Sc,). acetic acid 
(S,(,), boric acid (S,,), orthophosphoric acid and sodium dihydrogen 
phosphate (1:2 v/v) (Sjj), sodium dihydrogen phosphate and disodium 
hydrogen phosphate (1:1 v/v) (Sj,) and disodium hydrogen phosphate 
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(S,^) of varying pH were used as background electrolytes for observing 
the electrophoretic movement of pesticides. 
Detector : 
The resublimed iodine was used as detector for identifying the 
location of spots on the strip. After development, intense brown spots 
appeared on exposure with I2 vapours. 
Qualitative Separations : 
Whatmann No.l chromatography paper strip (30x5cm) was used 
as support. The pesticides were applied at the middle zone of the strip 
with the help of a microsyringe. Clean and dried electrophoretic chamber 
was filled with desired background electrolyte. The strip was then placed 
in the chamber, moistened with the electrolyte and electrophorised for 2 
hours at a fixed potential difference of 250 volts/cm and varied current 
(0.5-I4mA). The electrophoretic movement of a positively charged 
species moving towards cathode has been represented by a +ve sign and 
the movement of a negatively charged species moving towards anode has 
been represented by a -ve sign. 
Quantitative Separations 
A 0.05 ml mixture of pesticides containing 50 ^g each component, 
was spotted with the help of a microsyringe on the experimental strip. 
The strips were electrophorised for 2 hours in the usual manner. A pilot 
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electrophoretogram was run under the same experimental conditions to 
detect the location of spots on actual strip. The actual position of the 
spots on the experimental strip was ascertained by comparing it with the 
pilot electrophoretogram. The same portion of the strip w as then cut off 
and the pesticide present in that particular portion was eluted with 
absolute alcohol, concentrated in vacuum and determined 
spectrophotometrically. Fenvalerate (a synthetic pyrethroid) was 
spectrophotometrically determined by DNP method(15) and the 
organophosophorus pesticides were determined by molybdenum blue 
method (16,17). 
Quantitative Estimation of Pesticides in Soil Samples : 
The soil samples containing different pesticides namely 
monocrotophos, rogor and malathion of known concentration were 
collected from agricultural fields of village Sarsaul near .Migarh. 
Monocrotophos was used to kill pests like leafminers and podborers on 
Pisum arven.se and Cicer arietimim. Rogor was used against aphids on 
Solanum tuberosum and Malathion was used against aphids on Brassica 
campestris. 
2.0 g of soil samples containing individual pesticides of known 
concentration in each case were mixed with 10 ml of absolute alcohol 
and the mixture was centrifuged for 15 minutes in a 20 ml centrifugal 
tube. After centrifugation, the supernatant liquid was filtered and the 
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filtrate was treated with anhydrous sodium sulphate to eliminate water 
contents completely which in an essential step to ensure proper 
estimation. Finally, the solution was concentrated in vacuum on a water 
bath. Now. 0.05 ml of the concentrated solution was applied on the 
experimental strips and electrophoretograms were developed in desired 
background electrolyte. The individually separated fractions of the 
pesticides were then determined spectrophotometrically by the same 
method described earlier. 
RESULTS AND DISCUSSION 
The paper electrophoretic studies of pesticides in organic acids 
and phosphate buffer systems have revealed interesting results and 
suggest a number of important ternary and multinary separations (Tables 
1-3). It is interesting to note that the movement of most of the pesticides 
is greatly influenced by the degree of ionization of the acids (pKa value) 
and also on the nature of the substituent atoms or groups present in their 
molecules. 
It is apparent from Table-2, that the movement of pesticides 
increases generally, by increasing the pH of the phosphate buffer systems 
(pH 1.9-7.6) towards the anode with the exception of quinalphos and 
chlorpyrifos among organoplasphorus pesticides which remain at the 
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point of application. This might be due to the presence of bulky 
quinoxaline ring in quinalphos and chloropyridine ring in chlorpyrifos. 
On the other hand, fenvalerate which belongs to pyrethroid group, also 
behaves as uncharged species and its movement is not affected by electric 
field. This is probably due to the presence of a pyrethrin ring in the 
structure of fenvalerate. 
The anionic behaviour of most of the pesticides in phosphate and 
other solvent systems is most likely due to the negative charge acquired 
on one of the oxygen atom of phosphate group of the pesticides. 
Endosulfan, an organochlorine pesticide also shows a peculiar behaviour 
in most of the acid systems studied and moves towards the anode except 
in tartaric acid, (pKa = 2.9) where the direction of movement is reversed. 
The movement of endosulfan, towards anode might be owing to the 
temporary negative effect of the chlorine atom which it seems not active 
in tartaric acid. Malathion either moves towards the anode or remain at 
the point of application in most of the solvent systems studied except in 
salicylic acid where it moves towards the cathode. The movement of 
malathion towards cathode might be due to the presence of hydroxy 
group adjacent to the carboxylic group in salicylic acid. 
Figure-1 represents the effect of pH on the electrophoretic 
movement of pesticides towards anode. 
Figures 2 and 3 represent the standard curves which have been 
obtained by plotting movement of pesticides against pKa of various acids 
are arranged in increasing order. With the help of these curves, it is 
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ENOOSULFAN 
PHOSPHAMIOON 
MONOCROTOPHOS 
METHYL OXYOEMETON 
ANILOFOS 
PHORATE / 
FIGURE 1. Effect of pH on electrophoretic 
movement ( - Ve) of pesticides 
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possible to identify the acids by observing the movement of that 
particular pesticide (in pKa region 1.9-4.8). It is apparent from Fig. 2, 
that the movement of pesticides towards anode increases in general with 
the increase in pKa value except in the case of methyl oxydemeton where 
a reverse trend has been observed. Fig. 3 also represents the similar 
behaviour but here the movement is towards cathode. Monocrotophos 
exhibits a decrease in the movement with the increase in pKa. 
On the basis of difference in migration rates of pesticides in 
various acid electrolyte systems, it has been possible to separate these 
individually from synthetic binary mixtures. The results are reported in 
Table - 4. 
The practical utility of these separations has been demonstrated 
practically in the quantitative determinations of some most commonly 
used organophosphorus group of pesticides in natural soil samples. Thus, 
monocrotophos, rogor and malathion have been separated and 
quantitatively determined in soil samples in 0.05 M formic acid. The 
results are reported in Table-5. 
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CHAPTER - 4 
Chromatographic Separations of Phenolic 
Compounds on Thin Layers of Stannic Oxide : 
Determination of Salicylic Acid in Drug Samples 
INTRODUCTION 
Thin layer chromatography has found application for the separation 
of phenolic compounds using various types of adsorbents (1-3). Thin layers 
of inorganic ion-exchange materials have been widely used for the 
separation of metal ions (4-7). A survey of literature reveals that very little 
efforts have been made to utilize such layers for the separation of organic 
compounds (8,9). Grace et al. (10) have reported the thin layer 
chromatographic separation of ortho, meta and para amino phenols on 
titanium oxide layers. In continuation to our efforts in this direction, we 
have performed the separation of phenolic compounds on thin layers of 
staimic oxide ion-exchanger and their subsequent determinations in 
synthetic mixtures. Salicylic acid (a phenolic) has been separated and 
quantitatively determined in a number of drug samples. Phenols have been 
chosen for separation study due to their biological, immuno-physiological 
and pharmaceutical importance. Stannic oxide layers have been tried 
because this material has been found to be quite stable in acids, bases and 
various organic solvents and possesses excellent separation potentialities 
for the metal ions (11). However, the use of stannic oxide layers for the 
separation of organic compounds (phenols) has been studied for the first 
time. Moreover, the material exhibits amphoteric ion-exchange behaviour 
depending upon the pH of the medium. The use of such layers without any 
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binder makes it easier to have a clear interpretation of the mechanism of the 
separation. 
EXPERIMENTAL 
Reagents and Chemicals : 
Stannic chloride pentahydrate (Loba Chemie. India) of A.R. grade 
was used. All other reagents and chemicals used were also of A.R. grade. 
Apparatus : 
Thin layer chromatographic applicator (Desaga FRG) was used to 
prepare thin layers on 15x5 cms class plates. The plates were developed 
by ascending technique in a large mouth glass chamber. A micropipette 
(1-100 |il capacity) was used for spotting purpose and Systronics-105 
spectrophotometer was used for the colorimetric studies. 
Test Solutions : 
1% solution of phenolic compounds were prepared in desired 
solvents and used as test solutions. 
Detectors : 
For the visualization of phenolic compounds following detectors 
were applied. 
(i) 1 ml saturated solution of silver nitrate was added to 20 ml acetone 
with stirring and the product was treated dropwise with water until 
100 
the precipitated AgNO, just dissolved. Spots became intense at 
about 105"C. 
(ii) Some of the phenols which were not visualized by the above 
procedure gave blue to green coloured spots with 1-5% solution of 
FeCl, / K^FeCCN)^  (1:1 v/v) in dil HCl. 
(iii) Picric acid, thymol blue, tetrahydroxy anthraquinone (THA) and 
fluorescein were acted as self detectors. 
Preparation of Ion-Exchange Material and Thin Layer Plates : 
Stannic oxide ion-exchange material was prepared b> adding 
ammonia solution gradually to 0.5 M stannic chloride solution with 
constant shaking till the pH of the solution raised to 8.5. The resulting 
precipitate was digested for 24 hours at room temperature and clear 
supernatant liquid was decanted. The precipitate was washed several 
times with demineralized water by centrifugation and decantation till it 
was free from all chloride ions. The precipitate was filtered under suction 
and dried completely in an oven at 80±2^^ C. The ion-exchange material 
so obtained was cracked in demineralized water, filtered and finally dried 
in the oven at the same temperature. For the preparation of thin layer 
glass plates, the granules of stannic oxide were well powdered in a 
mortar. The slurry of this material was prepared in double distilled water 
and spread over the glass plates with the help of an applicator to obtain 
uniform thin layers of 0.20 mm thickness. The plates were activated at 
80±2^C for about one hour in an oven. 
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Solvent Systems : 
Following solvent systems were used as the developers to observe 
the movement of phenolics on thin layers of stannic oxide ion-exchanger; 
2% formic acid (S,), 2% boric acid (Sj), 2% sodium borate (S,), 2% 
boric acid and 2%sodium borate (2:1 v/v) (S^) 2% boric acid and 2% 
sodium borate (4:1 v/v) (S^), ethyl acetate and formic acid (1:1 v/v) (S,). 
acetone and formic acid (1:1 v/v) (S^), acetone and hexane (1:9 v/v) {S^), 
acetone and hexane (9:1 v/v) (S^), 1,4 dioxane (S,(,), 1,4 dioxane and 
formic acid (1:1 v/v) (S,j), benzene and formic acid (1:1 v/v) (S,,). 
dimethyl sulfoxide (Sj^), dimethyl sulfoxide and formic acid (1:1 v/v) 
(S,^), cyclohexane and ethyl acetate (3:7 v/v) (Sj^) and ethyl acetate and 
cyclohexane (7:3 v/v) (S,^). 
Procedure : 
0.05 ml test solutions of phenolic compounds were applied with 
the help of micropipette on the plates. After drying the spots, the plates 
were developed by ascending technique in various solvent systems. The 
solvent was allowed to ascend upto 10 cms from the point of application 
in each case. The plates were first dried in air and then sprayed with 
suitable chromogenic reagent. 
Quantitative Separation of Phenolic Compounds in Synthetic Mixtues : 
0.05 ml mixture of phenolic compounds containing 50 jig each 
component was spotted with the help of a micropipette at the point of 
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application on the glass plate. The plates were developed in the usual 
manner. The pilot chromatograms were run under the similar 
experimental conditions to ascertain actual positions of the spots on the 
plates. The same portions of the plates were scratched out and the 
phenols present in these portions were extracted with about 5 ml of 
absolute alcohol, concentrated and then determined spectro-
photometrically. Most of the phenols were determined spectio-
photometrically by the use of titanium sulfate (12) Salicylic acid was 
spectrophotometrically determined by ferric chloride method (13). 
Quantitative Determination of Salicylic Acid in Drug Samples : 
Salicylic acid was separated and determined quantitatively as a 
component in six multicomponent drug formulations namely Mycoderm, 
Pragmatar, Derobin, Keralin, Polyderm and Methazil where it has been 
used as an antifungal agent. 1.0 gm (in case of methazil 1.0 ml) of each 
drug sample was dissolved in ethanol or double distilled water in 50 ml 
of standard flasks. Then 0.05 ml of the standard solutions prepared 
earlier were put on the TLC plates with the help of micropipettes. The 
plates were developed in desired solvent system. Pilot chromatograms 
were run under similar experimental conditions and the actual positions 
of the spots on the plates were ascertained. The same portions of the 
spots were scratched out and salicylic acid present in these portions was 
extracted with absolute alcohol, concentrated on water bath and then 
determined spectrophotometrically by the usual method described above. 
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The composition of the drug samples as per the labels is given 
below : 
(i) Mycoderm (FDC) : Each lOOg contains; salicylic acid 3% w/w. 
benzoic acid 6% w/w, camphor 0.52% w/w and menthol 0.08% w/w. 
(ii) Pragmatar oint. (Smithkline) : Each 25g contains; salicylic acid 
3% w/w, benzoic acid 6% w/w, menthol 0.5% w/w and camphor 
2% w/w. 
(iii) Derobin oint. (Glaxo) : Each 25g contains; salicylic acid 1.15% 
w/w, dithranol 1.15% w/w and coaltar soln. 5.3% w/w. 
(iv) Keralin oint. (East India) : Each lOg contains; salicylic acid 6% 
w/w, benzoic acid 12% w/w and hydrocortisone acetate 0.5% w/w. 
(v) Poly derm oint. (Chowgle Hind) : Each 25g contains; salicylic acid 
5% w/w, iodochlorhydroxy quinolin 4% w/w, prednisolone 0.5% 
w/w and mesulphen 40% w/w. 
(vi) Methazil liq. (Bell India) : Each 10 ml contains; salicylic acid 
2.2% v/v and methanol 6% v/v. 
RESULTS AND DISCUSSION 
The cation exchange properties of stannic oxide ion-exchange 
material exhibit great affinity for phenols which are capable of furnishing 
enough hydrogen ions in solution. As a result, such layers offer 
promising potentialities for various important binary, ternary and 
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multinary separations of phenols as shown in Table-2. It has also been 
observed that the spots are compact and well defined in most of the 
solvents. A number of diverse solvent systems have been tried for the 
separation study of phenols. Among various solvent systems studied, 
formic acid has been found to be the most effective in the separation of 
different categories of phenols. It is worthwhile to note that members of 
the same group of phenols have been conveniently separated from each 
other e.g. separation of cresols, nitrophenols, naphthols and structural 
isomers of dihydroxybenzene (viz catechol, resorcinol and quinol). In 
addition, polyphenols have also been separated from mono and bi-
phenols e.g. separations of pyrogallol and resorcinol, phloroglucinol and 
catechol and of phenol, pyrogallol and resorcinol etc. Some of the most 
important and difficult separations achieved on thin layers of stannic 
oxide are : (i) o- cresol from p - cresol, (ii) a-naphthol from P-naphthol. 
(iii) salicylic acid from p-hydroxybenzoic acid (iv) ortho, meta and para 
nitrophenols and (v) catechol from resorcinol and quinol. 
It has been shown in Table-1 that the addition of formic acid to 
pure DMSO and 1,4-dioxane results in a decrease in the movement of 
majority of phenols. This is due to decrease in the overall polarity of the 
developing systems. It has also been observed that in acetone-hexane 
system, Rp value for most of the phenols increases with an increase in 
acetone content which is due to increased polarizability of these phenols 
105 
E 
en 
s 
u 
o 
e 
tn 
OS 
*s 
O 
c/i 
e 
a 
E 
o U 
w 
" © 
B 
9i 
s I 
I 
CQ 
\n 
Vi 
in 
m 
IXi 
C/5 
in 
m 
m 
in 
m 
m 
m 
m 
m 
m 
o 
c 
00 
IN 
O 
SO 
«N 
NO 
o 
o 
00 
o 
00 
o 
o 
00 
in 
t 
o 
00 
<n 
o 
00 
00 
VO 
c 
c 
00 
90 
o 
9-
(N 
oo 
c 
o 
o o 
I -t 
o 
O 
o 
c 
00 
o 
00 
00 
ON 
« N 
O 
VO 
o 
o 
c 
VO 
<N 
c 
<N 
= 
vC 
X 
O 
3C 
v3 
I-' 
~ 
s 
"H 
o 
•r. 
O 
X 
s 
c 
2 
o c o o o o o o o o o o o o o o c c 
o c 
vO f^  
C — «N 1^ <N O 
-t- <ri VO m VO t- r - X t N v O v O r ^ - t v O - f - O v O v O X 
o c c o c o o c o o o o o c o o o c c c c o c 
o r- M (N c o X 
vO VO >o r^ o> '^ "n 
o fs Ov — VO - t rv| X — C i~~ O »N in vo '/", - f r^  X m 
c c c c c c c c c c o o o c c o o 
m, vo X «N r~ 
X m <n X t 
o v v O v O < ~ ^ r s x o v < N i x x r v | i n c C ; i n c O N C 
r - i n i ~ - « * - v o c ~ v o r ^ — v o x r ^ r - x \ £ v c i - s o 
c c c o o o c c c o o o c o o o 
o 
vO 
o 
< n 
X 
o 
<n 
c 
o 
o 
X 
VO 
c 
X 
o 
( N 
1 ^ 
<n 
o 
vO 
o 
o 
o 
m 
c 
o 
<n 
o 
o 
X 
o 
m 
O 
X 
•n 
VO 
c 
i n 
X 
o 
i n 
Ov 
i r , 
= 
Ov 
c 
X 
= 
r r C 
5 
— 
i n 
= 
m 
X 
c 
© 
X 
o 
X 
o 
X 
c 
i n 
i n 
VO 
o 
X 
o 
o 
o 
X 
m 
O 
o 
i n 
X 
o 
<N 
o 
Ov 
o 
ov 
vO 
o 
o 
ov 
o 
vO 
Ov 
vO 
c 
VO 
X 
o 
o 
-* 
o 
m 
c 
m 
X 
c 
<N 
i n 
X 
X 
c 
X 
X 
-t-
vO 
X 
X 
X 
X 
o 
r5 
X 
f 
X 
X 
o 
% 
s 
? 
e 
^ 
o c c c o o o c o c o o c c o o c c c c c c c 
© 
VO 
© 
X 
X 
c 
VO 
c 
X 
c 
c 
c 
i n 
VO 
c 
VO 
CN 
i n 
o 
© 
c 
<n 
-*• © 
© 
Ov 
© 
X 
© 
© 
X 
© 
ov 
CM 
m 
© 
X 
© 
m 
X 
o 
© 
© 
© 
>n 
© 
VO 
© 
© 
m 
o 
o 
© 
o 
o o 
X 
m 
o 
VO 
o 
o 
X 
© 
© 
>o 
o 
«N 
© 
1 -
<N 
© 
m 
© 
© 
VO 
O 
X 
m 
© 
© 
m 
© 
VO 
o 
© 
m 
© 
© 
X 
© 
© 
© 
— 
X 
© 
© 
© 
o 
X 
X 
c 
1 -
«N 
© 
i n 
© 
C 
^ 
© 
VO 
© 
VO 
© 
-* 
X 
VO 
X 
© 
X 
1 ^ 
© 
c 
c 
© 
X 
X 
© 
© 
ov 
« 
vO 
X 
© 
© 
m 
m 
<N 
© 
f N 
© 
<n 
= 
X 
vO 
= 
© 
= 
vO 
© 
VO 
© 
© 
c 
» N 
OV 
© 
Ov 
VO 
© 
<N 
VO 
^ 
in 
© 
o 
vO 
© 
OV 
o 
«N 
c 
vO m 
© 
© 
vO 
© 
3 
© 
© 
© 
© 
© 
i n 
o 
X 
c 
( N 
© 
© 
© 
i n 
t 
© 
© 
<N 
© 
f ^ 
© 
X 
© 
m 
«N 
© 
© 
<N 
© 
© 
© 
© 
o 
© 
© 
© 
-*• 
© 
m 
r-4 
«= 
© 
X 
© 
m 
© 
( N 
© 
X 
i n 
© 
VO 
© 
© 
X 
c 
i n 
© 
© 
1 ^ 
© 
© 
m 
© 
VO 
r^ 
© 
X 
© 
VO 
SO 
© 
X 
VO 
© 
X 
vO 
© 
© 
so 
© 
X 
1 ^ 
c 
© 
© 
© 
© 
VO 
© 
i n 
SO 
© 
VO 
= 
i n 
m 
© 
© 
© 
z 
© 
© 
i r , 
vO 
© 
3 
© 
3 
© 
m 
vO 
© 
t 
© 
§ 
~ 
^ 
c 
Sv 
vC 
© 
S 
© 
vS 
S 
© 
i n 
© 
S 
© 
ov 
© 
i n 
X 
© 
g 
© 
^ 
g 
© 
P 
© 
i n 
X 
* 
© 
S 
© 
— 
© 
,^ 
^ 
© 
( N 
-
I N 
ON 
© 
ICj 
© 
i 
© 
© 
( N 
X 
X 
© 
3 
© 
p 
© 
g 
© 
? 
© 
( N 
© 
\ 
© © o © © o © c © © 
X m «N m 
- t vo VO r- - i ' © © © x © i n - r — © < N \ o — r^ , x o v i n © x i n x v o « N O v v o x r ~ r - - r^  r*", O O^  
© © © © © © © © © © © © © © © © c © c © © © © 
o 
c 
o 
i 
.Si 
I 
z 
o _ 
= o 
1 a 
O 
1 1 §1:2 g 
Si 1 2 S^  ?! C O . ^ CQ 11 
o C 
o 
Q. 
O 
U ) 
= o 
a. 0. n u — (J a; a C o . o D . S C C . O c Q.c/3 a . a . H O o 
o . i 
re 
o ~ 
Q. ^ 
o -a 
o 
o 
— r 1 . . ^ _ 
<z o H t - U-
— r j f«- . 1 - i n v o i ^ x • © — » N m " * i n v o r ~ - x c v o — fsr<^ Ov — — — — — — — — — — r v ) < N ( N r v | 
Ci 
t /5 
2 
o 
T 3 
>" 
,o 
3 
m 
« 
s 
Q 
y - ^ 
> 
— 
— 
i _ . 
T 3 
(J 
u 
"P 
s 
o 
+ 
o 
2 
D 
r~ 
r*-. 
V t . ^ 
a 
re 
u 
re 
U 
+ o 
s 
p-
CJ 
"o 
u 
w ' . 
U 
r^. 
1 ^ 
<—^ 
U 
re 
re 
r 
UJ 
+ o 
c 
x 
o 
"o 
o 
U 
t/3 t/3 C/2 C/5 
•a • 
-3 O- — 
u 
re 
.^ 
J2 Q 
u. 
a 
o 
u 
' J 
< 
II 
•-/: 
^— 
e 
>• u T 
+ 
o 
c 
o 
o 
u 
< 
II 
X 
'J-i 
^ 
—^^  y 
>< o T 
4-
o 
o 
'-» 
< 
II 
» \r. 
u 
M 
re 
>; 
o 
Q 
- t 
— 
II 
CAl 
*~ £1 
O 
u. 
+ u 
s 
o 
D 
- t -
— 
II 
%r. 
re 
CJ 
k-
o 
u. + 
'J 
s 
^ r» 
m 
II 
'-/: 
• o 
;> 
CJ 
r 
= 
o tu 
=^  ( N 
"O 
o 
re 
o 
k . 
o 
m 
c ^ 
f N 
' J 
^ k . 
— 
^ T 5 
O 
m 
e ^ 
f N 
( N 
U 
re 
o 
X3 
c 3 
T 3 
O 
ir> 
^ 
f N 
+ T3 
O 
re 
u 
k . 
o ffi 
X 
o j 
-r 
u 
re 
O 
X i 
£ 
~ 
•o 
o tA) 
>-
r j 
+ 
• a 
o 
re 
o 
•z. 
o CD 
^-f N 
..^  
^ 
"— 
^ ™ 
• a 
o :? 
• : i 
r" 
o LU 
+ 
re 
u i i 
• 
'^ 
UJ 
C/D C/0 wo CO t/J CO 
106 
B 
O 
eo 
• * * 
s 
E 
X 
a 
a. 
*< u 
> 
•c 
B 
3 
O 
a 
E 
o 
U 
sn ^ 
B « 
.2 "^  
es B 
- i ! 
!S 
>o 
es u 
•** — 
CS B 
3 2 
I 
fiQ 
i2 
.J 
I 
H 
Is 
u 
OB 
i/i 
n 
_o 
-*•< 
CS 
k i 
es 
Q. 
a> 
V3 
00 
d » 
00 
o d 
d r 
o * 
S- ca 
o 
-I 
S * 
o ^^ 
^ ^ Ov 
«n d 
•n o 
O 
c 
c 
o 
•^ 
'5 
I o. 
B 
o 
o 
U 
U 
I 
o 
a. 
CO 
Z 
I 
00 
00 
d 
I 
(N 
00 
o 
C 
V 
o 
o d 
o 
c 
CI. 
I 
o 
c 
E 
o 
f S 
00 
V) 
o 
c 
o "^ 
•* o 
d . ^ 
S E 9 
eo O O 
E ,—^  d 
^ 0 0 -
^ ? = 
O • C L 
1 O O 
00 ^ i : 
00 __ • -
o o Z 
^ « i . 
O X T3 
= O" C 
es O eo 
cu o o 
o 
I 
o 
J = O 
^ d 
O o 
E-S 
o u 
9 E 
d "^  
•o ?• 
c «n 
•3 '^. 
^ o 
§1 
1 § 
00 
d 
I 
d — 
' O 
00 U 
„ o 
o 
I/; f» *s C/". • — 
c 
o. 
E .2 
I 
o. 
o 
d 
f^  d o 
d ' f^  T «^ C 
0 0 • ^ i» 
<N o -^ 
d -^^  >^  
r o g 
• = f - ^ 
= ? ^ 
0 =2- E 
c 
«Ai > • ^--
00 ^ 00 
d C^ T^  
^ ^. 9 
r-- o rsi 
O 00 • 
-—' 00 O 
c: E 
O eo 
o d 
o U 
c _ • -
'i 2 re ;;r 
<^ jz -jz —^ 
2 B- >^^ 
o «o o «n 
^ Z := «-: 
J= I eo f-^  
c 
eo 
O 
in 
E 
c 
oc 
00 
00 
U 3 
1/2 
(A 
E 
V 
on 
>> 
0) 
o 
C/5 
v5 
C/3 
u 
eo 
O 
'E 
o 
u. 
"^ 
^^^ 
CN 
C/5 
"O 
0 
eo 
u 
'C 0 
CQ 
^ © ^ 
(N 
<u 
"eo 
0 
^ 
E 3 
"5 0 
M 
© ^ 
<N 
+ 
;o 
0 
eo 
0 
°C 0 
CQ 
0 ^ 
<N 
«/^  C/5 
-^^  
> 
> 
Tf 
^ 
> 
" • " 
^^  
T3 
0 
eo 
0 
'E 
0 
u. 
+ 
OJ 
eo 
<u 
0 
eo 
">. 
LU 
(N m 
107 
c 
d •*. ^ 
• S o -
O en 
•a 
> 
9» 
en 
08 
I . 
es 
Q. 
W3 
O O 
O 00 
11 
2 B-
o 
00 
d 
o 
c 
a 
1 
o 
I 
(23. 
I E E 
g o o 
^ ^ * 
00 (vj 
E E 
o o 
u 
a o 
h> 
* - > 
c 
I 
o. E 
o 
00 o 
f- <N 
ad 
2 o x : (A 
U o 
Si 
00 O^ 
d — 
>w o 
_ c 
"o 'o 
5 o 
MM U 
d d 
I I 
00 — 
d d 
. d 
9 oi 
O <N 
^ 2 a-H 
I- Z -^ TS 
a. s E rt 
0 __' 
3 i 
i o 
« s^  
E « 
^ "T; J= o *-
O 60 2 
1 o s: 
d ^ ^ 
_ _ ' C 
O O * 
111 
o a-x: 
•> •— * 
^ ^ . 
m o 
^^ d vo 
® ^'. ^ 
( N CM • 
• m O 
? dr 
" . T ; -J^ ® i £ 
""•= a. 
o g. g 
u e I 
S o =^ 
o ^ E 
_ / - v O 
E "^ ti: 
O 00 
«i; d m 
iTl 00 
{^ f-. 9 
:s od 
S o - o 
„ ^ j= 
ii ^ z 
U a. s 
0 ) 
E 
-*< 
c 
C/3 
t^ 
C/3 
*^-^  
^—s 
> 
^ 
> 
^ M 
3 
•o 
G 
e« 
o 
E h. 
(D 
U. 
+ (U 
c O 
u 
o 
< 
/^ ^ oc 
C/3 
—^' 
.^ ^ 
> 
^ 
Ov 
^' 
*^-^  
U 
c 
ea X 
u 
ac 
+ 
u 
c O 
4> 
o 
< 
^0,^^ 
0^ 
C/3 
r—N 
^ 
^ 
_ 
6v 
u 
c CQ 
»< 
u 
X 
+ 
t ) 
c O 
u 
u 
< 
,^„^ 
^ 
-C/3 
^^ •^  
;o 
o 
eo 
o 
1 u O 
u. 
+ u 
X 
o 
1 
Tt^ 
o 
a 
E 
u 
">< 
so 
•5 
-a 
c 
=0 
re 
re 
of 
c 
re 
w5 
•n o^ 00 I Z 
108 
with increased polarity of the system. In the same developing system, 
resorcinol is strongly held by the stationary phase and remains at the 
point of application. Its movement is also unaffected on increasing 
acetone content in the composition. In acetone-formic acid system also, a 
similar trend has been shown by resorcinol, thereby enabling to achieve 
some multinary separations. 
Figures 1 and 2 have shown that Rp values of phenols in certain 
solvent systems vary with the orientation of hydroxy groups in isomers 
of dihydroxybenzene (DHB) viz ortho DHB (catechol), meta DHB 
(resorcinol) and para DHB (quinol). In solvents S,, S,. S^^. and S,^. Rp 
value of dihydroxybenzenes follows the order : 
para DHB > meta DHB > ortho DHB 
On the other hand, a reverse trend has been observed in S ,^ S^, and S,, 
solvent systems where the order is : 
ortho DHB > meta DHB > para DHB. 
This difference in behaviour can only be explained in terms of 
intramolecular hydrogen bonding in catechol (ortho DHB) which is not 
found in resorcinol and quinol. This might be due to the fact that the 
affinity of ion-exchangers is more for those phenols which can give more 
number of hydrogen ions. 
A remarkable feature of the migration behaviour of phenolic 
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a m Quinol 
b B Resorcinol 
c s Catechol 
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Hydrogen 
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Orientotion of OH'group in DBH 
FIGURE 1. Variation in Revalue with the orientation of 
hydroxy group in dihydroxy benzenes. 
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Hydrogen 
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Orientation of OM'group in DBH 
FIGURE 2. Variation in Rp value with the orientation of 
hydroxy group in dihydroxy benzenes. 
I l l 
compounds on the layers of this adsorbent is that in diverse solvent 
systems, certain selective separations of phenols have become possible 
from a synthetic mixture of other conunon phenols. Therefore, resorcinol 
has been selectively separated quantitatively from a mixture of phenol, 
pyrogallol, catechol, o-cresol, p-cresol, a-naphthol and P-naphthol in 
acetone-hexane (9:1) system. The results are reported in Table-3. 
The above method is simple, selective, reproducible and 
applicable to the characterization of phenols over a wide concentration 
range. The practical utility of the method has been illustrated in 
separation and determination of salicylic acid as a component in si.\ 
commonly used multicomponent drug samples. The reproducibility of the 
method has been checked statistically. The results are summarized in 
Table-4. 
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CHAPTER - 5 
Thin Layer Chromatographic Separations of 
Some Common Pesticides on Mixed Stannic 
Oxide-Silica Gel 'G* Layers 
INTRODUCTION 
Papers impregnated with inorganic ion-exchange materials have been 
widely used for the separation of metal ions and organic compounds (1-7). 
Thin layers of pure inorganic ion-exchange materials such as stannic 
antimonate and stannic arsenate have been utilzed for the separation of 
metal ions (8, 9). However, very limited studies have been reported on the 
separation of organic compounds on thin layers prepared from inorganic 
ion-exchangers. Nabi and coworkers (10,11) have successfully utilized 
stannic tungstate layers for the separation of amino acids and phenols. Lepri 
et.al. (12) used mixture of ammonium tungstophosphate and silanized silica 
gel for the separation study of amino acids. Varshne.y and coworkers (13) 
have performed the separation and determination of a-amino acids on thin 
layers of antimony (V) phosphate mixed with silica gel 'G'. 
Pesticides play a major role in controlling pests for high agricultural 
production. However, their relentless use has brought forward man> 
harmful effects on man and the environment. They residually impair the 
quality of soil, water and air depending on their persistance. The present 
study is, therefore, an attempt to explore the potentialit> of stannic oxide-
silica gel 'G' layers for the separation of pesticides and their subsequent 
determinations in synthetic mixtures and soil samples. Thin layers prepared 
by mixing stannic oxide with silica gel 'G' has been found to be strongly 
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adhered to the surface of glass plates. The presence of stannic oxide may 
further enhance the differential selectivity of these pesticides. 
EXPERIMENTAL 
Reagents and Chemicals : 
Stannic chloride pentahydrate (Loba Chemie. India) and silica gel 
'G' ; particle size, IS i^g (Spectrochem, India) of A.R. grade were used. 
All other reagents and chemicals used were also of A.R. grade. The 
pesticides used were of technical grade. 
Apparatus : 
Thin layer chromatography applicator (Desaga FRG) was used to 
prepare thin layers of 0.2 nun thickness on glass plates (15 x 5 cm). 
These plates were developed by ascending technique in ordinary 24 x 6 
cm glass chambers containing the developer. A micropipette (1-100 \iL 
capacity) of "Gilson Medical Electronic (France)" was used to put a spot 
of known amount on TLC plates for quantitative separations. A 
Systronics-105 spectrophotometer was used for colorimetric studies. 
Test Solutions : 
10,000 ppm solutions of various pesticides were prepared in 
appropriate solvents. The solutions of dichlorvos, endosulfan. 
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malathion, monocrotophos, parathion, phorate, phosphamidon. 
quinalphos and rogor were prepared in ethanol while solutions of 
anilofos. chlorpyrifos, fenvalerate and methyl oxydemeton were prepared 
in acetone. The solution of methyl parathion was prepared in 
dichloromethane. 
Solvent Systems : 
The following solvent systems were used as developers to observe 
the movement of pesticides on thin layers; 5%, 10%, 15%. 20% and 25% 
aqueous solutions of dimethylformamide (Sj-S,), O.IM ammonium 
molybdate (S^), butanol, acetic acid and water (5:1:4 v/v) (S.,), 
butanol,acetic acid and water (5:3:2 v/v) (Sg), butanol and acetic acid 
(1:1 v/v) (Sg), O.IM acetic acid (Sj^), butanol, formic acid and water 
(5:1:4 v/v) (S,,), butanol, formic acid and water (5:3:2 v/v) (S,J. butanol 
and formic acid (1:1 v/v) (S,,), O.IM formic acid (S,j), acetone and 
hexane (1:9 v/v) (Sj,), acetone and hexane (9:1 v/v) (S,^), acetone and 
2M HCl (9:1 v/v) (S„), acetone and 2M HCl (9:3 v/v) (S,^). acetone 
and 2M HCl (9:5 v/v) (S,,), acetone and 2M HCl (9:7 v/v) (S,,) and 
acetone and 2M HCl (1:1 v/v) (S,,). 
Detector : 
The resublimed iodine was used as detector for identifying 
location of spots on glass plates. After development, intense brown spots 
were appeared on exposure with I., vapours. 
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Preparation of Ion-Exchange Material and Thin Layer Plates : 
Stannic oxide ion-exchange material was prepred by the addition 
of ammonia solution gradually to 0.5M stannic chloride solution with 
stirring the.mixture continuously so that the final pH (8.5) was attained. 
The precipitate so obtained was digested for 24 hours at room 
temperature. The clear supernatant liquid was decanted and the resulting 
precipitate was washed several times with demineralized water in order 
to remove free chloride ions completely. The precipitate was filtered 
under suction and then dried in an oven at 80±2"C. The ion-exchange 
material so obtained was cracked in demineralized water, filtered and 
finally dired in an oven to remove moisture contents completely. For the 
preparation of thin layer plates, the granules of stannic oxide were well 
powdered in a mortar and mixed with silica gel 'G' in 1:1 ratio (w/w). 
The slurry of this material was prepared in double distilled water and 
spread over the glass plates with the help of an applicator to obtain 
uniform thin layers on glass plates. The plates were activated in an oven 
at the same temperature. 
Qualitative Separations : 
Thin glass capillaries were used to spot the test solutions on the 
glass plates. The plates were developed in diverse solvent systems and 
the solvents were allowed to ascend upto 10 cm from the point of 
application in all cases. After drying at room temperature the spots were 
detected by iodine vapours. 
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Quantitative Separations : 
A 0.05 ml mixture of pesticides containing 50ng of each 
component was spotted at the point of application on glass plates with 
the help of a micropipette and the development was made as usual. Pilot 
chromatograms were run under the same experimental conditions to 
ascertain the actual position of spots on the experimental plates. After 
the development, the spots on pilot plates were detected by iodine. The 
same portions of the experimental plates were then scratched out and the 
pesticides present in these portions were extracted with small portions of 
the absolute alcohol, concentrated in vacuum and determined 
spectrophotometrically by molybdenum blue method (14,15). 
Quantitative Estimation of Pesticides in Soil Samples : 
In each case, 2.0 g of soil samples containing the pesticides were 
mixed with 10ml of absolute alcohol and centrifuged for 15 minutes in a 
20 ml centrifugal tube. After contrifugation, the supernatant liquid was 
filtered and the filtrate was treated with anhydrous sodium sulphate to 
remove moisture content completely which is an essential step to ensure 
proper estimation. Finally, the solution was concentrated in vacuum on 
water bath and 0.05 ml of the concentrated solution was applied on the 
experimental plates. The chromatograms were developed in desired 
solvent system. The individually separated fractions of the pesticides 
were subsequently determined spectrophotometrically by the usual 
method described earlier. 
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RESULTS AND DISCUSSION 
The chromatographic studies of pesticides on mixed stannic oxide-
silica gel 'G' layers have revealed a number of bmary and ternary 
separations as shown in Table 2. Some of the most important and difficult 
separations worth mentioning are (i) rogor from monocrotophos and 
quinalphos (ii) phosphamidon from dichlorvos and chlorpyrifos and (iii) 
methyl parathion from parathion and phorate. The R^  values of fourteen 
pesticides belonging to different groups viz pyrethroid, organochlorine 
and organophosphorus group in particular have been determined in 
diverse solvent systems of varying polarity (Table-1). 
Figures 1 and 2 have shown that the movement of these pesticides 
decreases progressively as the concentrations of dimethyl formamide 
increases from 5 to 25%. It is also obvious from figures 1 and 2 that 
endosulfan shows the highest movement in almost all compositions of 
dimethyl formamide. This may be due to strong complex formation 
between dimethylformamide and endosulfan. In O.IM ammonium 
molybdate, fenvalerate, malathion and phorate are strongly held by the 
stationary phase and remains at the point of application enabling to 
achieve some multinary separations. In butanol-acetic acid-water system, 
the increase in acetic acid concentration in the composition, increases 
the Rp value for most of the pesticides with the exception of fenvalerate 
where a reverse trend has been observed. This may be again due to the 
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increased polarizability of these pesticides with the increase in the 
overall polarity of the system. Butanol-formic acid-water system has 
shown a similar trend. It has been observed that ion-exchange 
characteristic of stannic oxide layers when developed with mixed 
solvents, enahnces the differential movement of some important 
pesticides. For example, in acetone-hexane system, the movement of 
pesticides generally increases with increase in acetone content with the 
exception of dichlorvos which remains at the point of application. It is 
due to increased polarity of the developing solvent which greath 
facilitates the ionization of the concerned pesticide The analogous trend 
has been observed with the increased concentration of hydrochloric acid 
in acetone mixed systems. 
On the basis of differences in Rj, value of pesticides in a number 
of solvent systems, it has been possible to separate some important 
binary and ternary quantitative separations in a matter of 20-30 minutes 
on mixed stannic oxide-silica gel 'G' layers. It is worthwhile to note that 
the advantage of using this new combination of adsorbent and ion 
exchange layer, certain selective separations of pesticides have become 
possible from a synthetic mixture of other common pesticides. Thus, 
dichlorvos has been selectively separated and quantitatively determined 
from a synthetic mixture containing dichlorvos, fenvalerate, chlorpyrifos, 
phosphamidon, monocrotophos, quinalphos and malathion in acetone-
hexane (9:1) system. The results are reported in Table-3. 
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The proposed TLC method is simple, rapid, selective, 
reproducible and applicable to the identification and separation of 
pesticides over a wide range of concentration. The practical utility of the 
method has been demonstrated in the quantitative separation of some 
most commonly used pesticides of organophosphorous group in alcoholic 
extracts of soil samples. Thus, monocrotophos, rogor and malathion have 
been separated and determined in alcoholic extracts of soil samples in 
butanol-acetic acid-water (5:1:4) system. The percent recover)' has also 
been calculated. The accuracy and reproducibility of the method have 
been checked statistically. The results are shown in Table-4. 
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